
PCX WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) Interaational Patent Classification ^ :

A61K 9/00, 9/16, 38/28, 38/46, 38/48,

38/06

Al
(11) International Publication Number: WO 00/00176

(43) International Publication Date: 6 January 2000 (06.01 .00)

(21) International AppUcatlon Numbo-: PCT/GB99/02023

(22) International Filing Date: 28 June 1999 (28.06.99)

(30) Priority Data:

9814172.4 30 June 1998(30.06.98) GB

(71) AppUcant: QUADRANT HEALTHCARE (UK) LIMITED

[GB/GB]; 1 Meic Way. Ruddington, Notdngham NG1 1 6JS

(GB).

(72) Inventors: ROBINSON, Stuart; 15 Heckadcck Lane, Nether

Broughton, Melton Mowbray LEU 3EZ (GB). SMITH,

Susan. Stewait; 3 Cairington Street, Loughborough, Leices-

tershire LE77 ONF (GB).

(74) Agent: GILL JENNINGS & EVERY; Broadgate House, 7

Eldon Street, London EC2M 7LH (GB).

(81) Designated States: AE, AL. AM. AT, AU. AZ, BA, BB. BO,
BR, BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES. FI, GB.

GD. GE, OH, GM, HR, HU. ID, IL, IN. IS. JP, KE, KG,
KP, KR, KZ, LC. LK. LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX. NO, N2. PL. FT. RO, RU, SD, SE, SG, SI,

SK, SL, TJ, TM, TR. IT, UA. UG, UZ, VN, YU, ZA, ZW.
ARIPO patent (GH, GM. KE, LS. MW, SD. SL, SZ, UG.
ZW), Eurasian patent (AM, AZ, BY. KG, KZ, MD. RU. TJ,

TM). European patent (AT. BE. CH. CY. DE, DK. ES. H,
FR, GB. GR, IE. IT. LU, MC. NL. I>T, SE). OAPI patent

(BF. BJ. CF, CG. a. CM. GA. ON. GW, ML. MR. NE,

SN. TD, TG).

Published

With international search report.

(54) TOe: MICROPARTICLE FORMULATION FOR INHALATION

(57) Abstract

Microparticles. obtainable by spray-drying a substantially pure solution of a therapeutic agent, consist essentially of the agent having

its therapeutic activity when administered to die lung. In a preferred embodiment the agent is insulin.



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho 51 Slovenia

AM Aiiiieiiift Fl Finland LT Lithuania SK Slovakia

AT Austria FR France LU Luxembourg SN Senegal

AU Australia GA Gabon LV Latvia sz Swaziland

AZ Azerbaijan GB United Kingdom MC Monaco TD Chad

BA Bosnia and Heizegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados GH Ghana MG Madagascar TJ Tajikistan

BE Belgium

Buridna Paso

GN Guinea MK The former Yugoslav TM Tnriunenisian

BF GR Greece Republic of Macedonia TR T\ukcy

BG Bulgaria HU Hungary ML Mali TT Trinidad and Tobago

BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazil IL Israel MR Mauritania UG Uganda

BY Belarus IS Iceland MW Malawi US United States of America

CA Canada IT Italy MX Mexico uz Uzbekistan

CF Central African Republic JP Japan NE Niger VN Viet Nam

CC Congo KE Kenya NL Netherlands YU Yugoslavia

CH Switzerland KG Kyigyzstan NO Norway zw Zimbabwe

a COie d'lvoiic KP Demociatic Peq)1e*i NZ New Zealand

CM Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea PT Portugal

cu Cuba KZ Kazakstan RO Romania

cz Czech Republic LC Saint Lucia RU Russian Federation

D£ Germany U Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia 5G Smgapoit



PCT/GB99/02023WO 00/00176

1

MICROPARTICLE FORMULATION FOR INHALATION

]Pi<j>|^ <
;

>fthe Invention

This invention relates to a formuiaUon ofa therapeutic agent such as insulin, that

is suitable for administration to the lung, and that has good stability.

5 Bfl^lfpTQund ofthe Invention

There is now widespread interest in the formulation of therapeutic agents for

inhalation. In particular, many efforts have been made to formulate suitable therapeutic

agoits as dry powders for delivery via inhalers.

Typically, the formulations are produced by drying the active agent in the

10 presence of certain excipients, such as polysaccharides or citrate, to enhance stabiUty

during the drying process or in storage.

Insulin is a typical example ofa therapeutic agent that can be administered to the

lung, by inhalation. As a commercial product, insulin is generally provided in suspension

or a solution oflow concentration, as a hexamer coraplexed with zinc. Refiigeration is

15 necessary, in order to maintain the stability ofsuch a formulation. Ciystalline Zn insulin

is stable at neutral pH. The dry powder also requires refrigeration.

CA-A-2136704 discloses a product obtained by spray-drying a medicinal

substance such as insulin (among many others) and a carrier. Example 4 discloses spray-

drying a clear solution ofhuman insulin, soya bean lecithin and lactose.

20 WO-A-9735562 again discloses spray-drying a solution of insulin and a

polysaccharide. The aim of this combination is to achieve tiie preferred size range of

spray-dried microparticles, for good lung deposition. In Examples 1 and 3, the insulin

solution for spray-drying, prior to combination witii polysaccharide, is prepared by

dissolving zinc insulin in HCl, and then adding NaOH, to pH 7.2. The solutions for

25 spray-drying respectively contain 25 and 6 mg/ml insulin and at least 5.5/7.2% NaCI,

based on the combined weight of insulin plus salt.

WO-A.9524183 is directed primarily to a diy powder that comprises insuUn and

a carrier material, typically a saccharide, in the form of an amorphous powder of

microparticles obtained by spray-drying. In addition, theExperimental section compares

30 thepropertiesofsuchmicroparticleswitiiandwithoutasaccharideexcipient. TheinsuHn

solution for spray-drying is prepared by dissolving Zn-insuUn in citrate buffer, to pH 6.7
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± 0.3, to a solids content of 7.5 mg/ml. The powder is held in a container at 10% RH.

The formulationwithout saccharide has considerably lower bioavailability than
those with

saccharide. For various reasons, this experiment cannot be reproduced: citrate is a buflfer

at pH 3.0-6.2, and not at pH 6.7; crystalline insulin will not dissolve in pH 6.2 citrate

buffer before or after adjustment to pH 7.4 with NaOH; in any case, no alkali addition

is spedfied.

The presence ofcitrate in dry powder formulations was believed to be necessary

to enhance the stability ofthe final product (Drug Development and Industrial Pharmacy

1984; 10(3):425-451). Howrever. in many cases, the high citrate concentration dilutes

the amount ofactive agent in the initial feedstock, resulting in low amounts ofactive for

drying.

Pikal and Rigsbee, Pharm. Rev. 14(10):1379-87 (1997), report that fi-eeze-dried

amorphous insulin was sigiuficantly more stable than crystalline insulin at corresponding

water contents from 0 to 15% w/w. The mechaiusm was unclear, but may havebe«i due

to configurational differences between the amorphous and crystalline states, the reactive

parts ofthe protein being in closer proximity in the latter. The formulation reported by

Pikal and Rigsbee contains no salt, because such low concentrations of insulin (c. 0.5%

w/v) are used that manipulation of the pH is unnecessary.

W095/236I3 discloses a spray-dried DNase formulation. The spray-dried

product is in a crystalline form, due primarily to a high concentration ofsalt. It is stated

that high concentrations of salt increases the dispersibility qualities of the final product.

In Example 1. the final product contains 60% salt compared with 30% of tiie DNase.

In summary, the prior art discloses various results of interest but of uncertain

commercial significance. None of the procedures described above gives a pure insulin

product that is stable, or uses a sufficiently concentrated solution for spray-drying, to be

suitable as a commercial procedure. The most effective procedures invariably suggest

that co-spray-dodng of insulin and, say, a saccharide is necessary for best results.

Summary ofthe Invention

The present invention is based on the surprising discovery that it is posable to

spray-dry a therapeutic agent at higher (and therefore commercially usefiil)

concentrations than have been used pre\^ously, without the concomitant production of
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an undesirable high concentration of salt or other excipients. Such formulations show

no substantial loss of activity after the drying process and have extended stability, by

comparison with pre-spray-dried preparations. This discovery is of value for all

therapeutic agents, in particular proteins and peptides to be administered via the lung.

5 According to the present invention, microparticles, obtainable by spray-drying a

substantially pure solution ofa therapeutic agent, consist essentially only of the agent.

In a preferred embodiment, the nucroparticles consist essentially only ofinsulin andNaC 1

salt. Such microparticles may be held in a container at greater than 10% RH, and thus

essentially at ambient humidity. The insulin microparticles are obtainable by dissolving

10 Zn-insulin in acid, adding alkali to give an insulin solution, e.g. to a pH above 7, and

spray-drying the insulin solution (which also contains a salt formed as a result of the

dissolution process, or a buffer).

Preferably, the microparticles are non-crystalline/amorphous.

n^^gcription of the Invention

15 As indicated above, microparticles of the invention "consist essentially" of the

therapeutic agent. This term is used herein to indicate that they are substantially free of

polysaccharide, or buffer salt, e.g citrate, since none is necessary. In general, there will

be no polysaccharide present at all, although an amount ofup to, say 10% by weight may

be tolerated. The absence ofpolysaccharide has the advantage that a given unit dosage,

20 e.g. a particle, contains essentially only the intended active component. This is an

important consideration, for a drug that may be required in large amounts. Another

advantage is the avoidance of delivering unnecessary material to a subject. A further

advantage is that consistent dosing ofthe therapeutic agent is facilitated; this is especially

important where there is a narrow therapeutic window,

25 The absence ofbuffer salt is desirable as it allows a more concentrated feedstock

solution of the active agent to be spray-dried resulting in significant cost savings and

providing a more commercial-scale process to be adopted.

The t^rm "substantially pure" is used herein to indicate that the feedstock solution

to be spray-dried comprises primarily only therapeutic agent and solvent. Again, as

30 described above, there may be a minor amount of solids other than the active agent, but

this has no significant effect on the eventual stability of the product.
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Insulin microparticles ofthe invention may include components that are produced

during the successive addition of acid and alkali, in preparation ofthe feedstock, e.g. a

salt. For example, NaCl is formed ifthe acid and alkali are respectively HCl and NaOH.

It has been found that the presence ofNaCl apparently has no stabilising effect. Indeed,

5 stability may be greater with reduced amounts ofsalt, again allowing a more concentrated

feedstock to be used.

Typically, the solution for spray-drying may contain less than 4% by weight of

salt, by weight oftotal solids. The salt content is based on theoretical considerations, by

titration to pH 7. More particularly, this value is calculated by consideration ofthe molar

10 quantities of the ions added during dissolution. The solution may contain any desired

amount ofthe therapeutic agent, e.g. more than 20, 30 or 50 mg/ml, often up to 100 or

200 mg/ml.

As indicated above, successive addition ofacid and alkali apparently destroys the

crystalline form ofZn insulin. Zn may dissociate from the hexameric complex but need

15 not be removed. Accordingly. Zn may be present in the microparticles. If desired, this

or any other component, other than the therapeutic agent, may be removed, using any

suitable technique known to those of skill in the art. In a preferred embodiment for

insulin, the Zn is removed from solution prior to spray-drying. This may be achieved by

diafiltering the solution according to methods known in the art. The Zn-free insulin may

20 have greater stability than the Zn-containing product. Moisture may also be present.

As disclosed in more detail in WO-A-9218164, WO.A-9408627 and other

Andaris publications, the conditions of spray-drying can be controlled so that

microparticles having a defined size range, e.g. 0. 1 to 50 \xm, can be obtained. The mass

median particle size is preferably 1 to 10 ^m, when the product is intended for

25 administration by inhalation.

The microparticles (microcapsules) obtained by spray-drying may be solid or

hollow. Further, the surface may be smooth or "dimpled"; a dimpled surface may be

beneficial for inhalation.

The microparticles have good stability and may be maintained as such, i.e. as a

30 dry powder, in a container. During storage or in formulation, they may be mixed with

any suitable pharmaceutical agents, carriers, bulking agents etc, and they may be
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processed by any technique desired to give a product having the properties intended for

the ultimate therapeutic use. In particular, the formulation of particles for formulations

that can be delivered to the lung, e.g. using a metered dose or dry powder inhaler, are

known to those skilled in the art.

5 The nature of the container is not critical. For example, it may be a glass jar or

plastics box. It merely defines a storage environment within which, unlike the prior art

and as evidenced below, there is no need to remove moisture or otherwise to control the

conditions.

The therapeutic agent may be any protein or peptide having a desired therapeutic

10 effect. Included within the definition ofproteins and peptides are functional derivatives,

such as glycoproteins. Typical examples ofproteins that may be used include enzymes,

hormones and blood plasma products. DNase and tryspin are specific examples. Others

include growth hormone, calcitonins, interferons, interleukin-1 receptor and low

molecular weight heparin.

15 The therapeutic agent may in particular be any of those described in WO-A-

9632149. Insulin that is used in the invention may be ofany suitable form. It may be,

for example, bovine or human insulin. Results that have been obtained, regarding the

stability ofbovine insulin, apparently apply also to human insulin.

The following Examples illustrate the invention.

20 Example 1

A solution ofbovine or human insulin for spray-drying is typically prepared in the

following way: 5 g insulin is dissolved in 70 ml 0.05 m HCl, after which the solution is

back-titrated with sufficient IM NaOH to reform a solution from the isoelectric point

precipitate. According to the final concentration required, water is added to make to

25 volume. Approximately 4.8 mllM NaOH is required, in this Example. The solution is

then spray-dried using a Mini spray drier with an outlet temperature of approximately

87'C and a solution feed rate of approximately 0.75 g/min.

Reverse Phase High Performance Liquid Chromatography (RP-HPLC) was used

to assess the stability of insulin, under the foUovidng conditions:
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Column:

Mobile Phase:

Flow Rate:

Detection:

Injection Volume:

Vydac C-18, S^m, 30 nm

A- O.r/oTFA in water

B- 0. 1% TEA in acetonitrile (95%) and water (5%)

Gradient Elution

l.SndL/min

UV at 220nm

loo^L

Under these conditions, bovine insulin has a retention time ofapproximately 7.4

minutes.

A peak attributable to deamidated insulin is located at the tailing edge ofthe main

peak. The extent of deamidation is used to indicate stability and is calculated by

expressing the area ofthe deamidation peak as a percentage ofthe total peak area. Total

degradation is expressed as the area of all degradant peaks as a percentage ofthe total

peak area.

Table 1

Percentage Total Degradation and Deamidation ofNon-Spray Dried Bovine

Crystalline Insulin

I-CyAmbient RH 30"C/60%RH

Time %
Deamidation

%

Degradation

%
Deamidation

%
Degradation

Initial 3.2 .. 3.6 3.2 3.6

1 month 3.5 3.9 4.2 5.3

3 months 4.4 5.6 5.8 11.0

6 months 3.4 4.5 6.7 13.7 1
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Table 2

Percentage Total Degradation and Deamidation ofInsulin

Microparticles

Time

2'aAmbient RH 30''C/60%RH

%
Deamidation

%

Degradation

%
Deanudation

%
Degradation

Initial 2.4 3.1 2.4 3.1

1 month 2.8 3.9 3.1 4.6

3 months 2.0 2.7 2.6 4.1

6 months 1.9 3.0 2.8 5.0

The results indicate that the extent ofboth deamidation and total degradation is

increased with time, for all the batches evaluated. Additionally, the data suggest that

spray drying appears to confer additional stability to the protein, in that the bovine

crystalline insulin control suffers increased degradation in comparison to the

microparticle formulations at comparable timepoints after storage at 30T/60% RH.

To investigate whether this was also seen with human insulin, human insulin

microparticles were prepared (by the same general procedure as that described above)

and placed on accelerated stability at 40^C/75% RH. AU samples were analysed by RP-

HPLC at the initial time point, and also after 1 week, 2 weeks and 5 weeks.

Tables

Effect of Storage at 40**a75% RH on the Deamidation and Total

Degradation Levels ofHuman Insulin Recombinant From E. Coli

Storage Time at % Deamidation % Total Degradation

40X/75% RH

0 0.59 0.75

1 1.57 4.27

2 1.62 5.15

5 2.37 8.40
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Table 4

Effect of Storage at 40''C/75% RH on the Deamidation and Total '

Degradation Levels ofHuman Insulin NDcroparticles

Storage Time at

40<'a75%RH

% Deamidation % Total Degradation

0 0.95 1.65

1 1.08 2.20

2 1.03 3.10

5 1.21 3.32

Comparing Tables 3 and 4, the micropartide formulation ofhuman insulin is less

prone to degradation, showing only 3.32% total degradation after 5 weeks at 40°C/75%

RH compared to 8.40% total degradation for the material stored as received under the

same conditions.

Example 2

A solution of bovine DNase (molecular mass 31 kD) for spray-drying was

prepared by dissolving the source material in water containing ImM

phenylmethylsulphonyl fluoride (PMSF). The PMSF is present to inhibit proteolytic

degradation. The resulting feedstock solution comprised 50 mg/ml DNase.

The solution was then spray-dried using a Mini spray drier with an inlet

temperature of HO'^C, an outiet temperature of 85X and a solution feed rate of

approximately 0.8 ml/min. The activity was measured by the rate of increase of

spectrophotometric absorbance at 260 nm ofDNA (hyperchromicity assay), and HPLC

gel permeation chromatography was used to assess the physical stability.

Spray-dried DNase retained approximately 90% ofits initial activity and showed

no change in physical stability. For spray-dried material stored at 40°C/75/% RH and

25X/60% RH, and source material stored a:r25'e/60% RH, there was comparable

activity and physical stability at 4 and 8 weeks.
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Example 3

A solution of bovine trypsin (molecular mass 23.3 kD) for spray-drying was

prepared by dissolving the source material (ciystalHsed) in water. The resulting

feedstock solution comprised 50 mg/ml trypsin,

5 The solution was then spray-dried as described in Example 2. Activity was

measured ag^nst azocasein substrate, and HPLC gel permeation chromatography was

used to assess the physical stability.

Spray-dried trypsin retained approximately 100% ofits initial activity and showed

no change in physical stability. A comparison of spray-dried material stored at 4*C,

10 25"a60%RH and 40^*0/75% RH, and source material stored at 25"C/60% RH, showed

substantially no loss in activity or physical stability at 12 weeks.

Example 4

A solution ofreduced gluthathione (a peptide ofmolecularmass 307D) for spray-

drying was prepared by dissolving the crystalline source material in water. The resulting

1 5 feedstock solution comprised 100 mg/ml reduced glutethione.

The solution was spray-dried using a Buchi Miru B-1 91 spray-drier with an inlet

temperature of lOO^C, an outlet temperature of 74**C, and a solution feed-rate of

approximately 1 ml/min. Spray-drying using either compressed air or nitrogen for

atomisation of the fluid stream did not result in a significant increase in the level of

20 oxidised glutathione (initially present at 0.8% w/w, increasing to 0.9% w/w).
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CLAIMS

1. Microparticles, obtainable by spray-drying a substantially pure solution of a

therapeutic agent, wherein the microcapsules consist essentially only ofthe therapeutic

agent having its therapeutic activity when administered to the lung.

2. Microparticles according to claim 1, wherein the agent is

non-crystalline/amorphous.

3. Microparticles according to claim 1 or claim 2, wherein the therapeutic agent is

a protein or peptide.

4. Microparticles according to any preceding claim, wherein the agent is insulin.

5. Microparticles according to any of claims 1 to 3, wherein the agent is DNase.

6. Microparticles according to any of claims 1 to 3, wherein the agent is trypsin.

7. Microparticles according to any preceding claim, consisting essentially of the

agent and a salt formed in dissolution ofthe agent.

8. Microparticles according to clmm 7, wherein the salt is formed from an alkali and

a nunerai add.

9. Microparticles according to any preceding claim, wherein the microparticles

comprise less than 4% salt by weight of total solids.

1 0. A closed container cont^mng, at ambient humidity, microparticles according to

any preceding clsum.

11. An inhaler device comprising microparticles according to any of claims 1 to 9.

12. A process for the preparation of microparticles according to any of claims 1 to

9, which comprises spray-drying a substantially pure solution ofa therapeutic agent.

13. A process according to claim 12, wherein the solution contmns more than 10

mg/ml of agent.

14. A process according to claim 13, wherein the solution contains 20 to 200 mg/ml

agent.

15. A process according to claim 13, wherein the solution contains 50 to 100 mg/ml

agent.

1 6. A process according to any ofclwms 1 2 to 1 5, wherein the solution contains less

than 4% salt.

17. A process according to any of claims 12 to 16, wherein the solution is free of

buffer salt.
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18. A process according to any of claims 12 to 17, wherein the agent is insulin and

the solution is obtainable by dissolving Zn-insulin in acid, and then adding alkali.

19. A process according to claim 1 8, wherein the Zn is removed from solution prior

to spray-drying.
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